Introduction
Personnel attending deliveries of very low birth weight and moderately preterm infants (<32 weeks gestational age (GA)) initiate resuscitation according to recommendations of the Neonatal Resuscitation Program. 1, 2 On the basis of their degree of immaturity, provision of respiratory support, in the form of positive pressure ventilation with or without intubation, is considered as routine practice; however, chest compressions and epinephrine administration are considered as extensive cardiopulmonary resuscitation (CPR) measures. 3 Outcome studies have provided conflicting reports relative to the effects of extensive CPR. [4] [5] [6] Reports from the early 1990s showed significant adverse outcomes for infants <750 g birth weight, 7 whereas more recent studies reported no difference in outcomes between infants receiving and not receiving extensive CPR. 5, 8 Apart from one study from the Vermont Oxford Network 3 , none of these studies was adequately powered to ascertain true differences. The Vermont Oxford Network study 3 reported on mortality and severe neurological injury as determined by head ultrasonography from several international centers; however, resuscitation practices varied significantly among these centers and may have influenced the results. Approximately 25% of the patients received epinephrine without chest compressions in their study. 3 In addition, other neonatal outcomes were not reported in this study.
The objective of this study was to compare the adverse outcome (mortality or severe morbidities) among preterm infants <32 weeks GA who received chest compression with or without administration of epinephrine at birth (in the delivery room) with a matched cohort of infants who did not receive chest compressions or epinephrine.
Methods

Infants
Data were retrospectively retrieved from a database for preterm infants <32 weeks GA who were discharged (died or survived) between July 2004 and October 2007 from our tertiary care perinatal center in Toronto, Canada. Data on all neonatal intensive care unit admissions (including delivery room deaths) were prospectively collected daily by either staff neonatologists or a trained data abstractor according to strict guidelines and definitions for the database to assure accuracy and completeness. The results of daily progress, resource usage, need for intensive therapy, head ultrasound, eye examination and clinical status were maintained in this database and were retrieved for the purpose of this study.
Eligibility criteria
To develop a matched cohort, we attempted to identify two to three comparable infants for each index case. Cases were infants <32 weeks GA who received extensive resuscitation (chest compression with or without administration of epinephrine during the resuscitation after birth). The Matched cohort included infants who did not receive extensive CPR at birth. The cohort was matched for GA ( ± 1 week), sex and birth date ( ± 3 month). Infants with major and lethal congenital or chromosomal anomalies, whether identified prenatally or postnatally, were excluded. All infants were resuscitated by personnel (residents, fellows, respiratory therapists and staff neonatologists for all inborn neonates and transport team members or pediatricians for outborn neonates) who had completed the Neonatal Resuscitation Program course.
1,2
Ethics
The database and this study had approval from Research Ethics Board at our institution.
Definitions for outcomes Primary outcome. A patient was considered to have an adverse outcome if any of the following occurred before discharge: (a) death, (b) severe neurological injury as defined by grade 3 or 4 intraventricular hemorrhage or periventricular leukomalacia, (c) severe retinopathy of prematurity > stage 2 or (d) chronic lung disease at 36 weeks postmenstrual age.
Secondary outcomes. Secondary outcomes included individual components of primary outcome, necrotizing enterocolitis, patent ductus arteriosus, nosocomial infections, duration (days) of respiratory support, duration (days) of intravenous support and length of stay (days). GA was defined as the best obstetric estimate based on early prenatal ultrasound, obstetric examination and obstetric history. An infant was defined as small for GA if the birth weight was less than the third percentile for GA according to the published data for Canadian infants. 9 Clinical risk index for babies score 10 and transport risk index of physiologic stability 11 were neonatal illness severity scores calculated from variables during the first day of admission to the neonatal intensive care unit. Chronic lung disease was defined as oxygen dependency at 36 weeks corrected GA. 12 Intraventricular hemorrhage was classified in four grades as suggested by Papile et al.;
13 however, the worst findings on head ultrasound performed at anytime during the stay in neonatal intensive care unit were considered for analysis. Necrotizing enterocolitis was defined according to Bell's criteria (stage 2 or higher). 14 Nosocomial infection was defined as isolation of organisms from blood, urine or cerebrospinal fluid cultures for symptomatic infants. Patent ductus arteriosus was diagnosed clinically based on symptoms and signs.
Statistical methods
Sample size was calculated expecting a case: matched cohort ratio of 1:2 to 1:3, an alpha of 0.05 and power of 80%. The primary outcome rate for the entire cohort was estimated at approximately 35 to 40 percent and for an odds ratio (OR) of 2.0 (twice the odds of mortality and severe morbidities among cases), we needed 65 cases. The baseline characteristics and common outcomes between groups were compared using w 2 , t-test and Mann Whitney U-test. Logistic regression was performed for controlling GA, sex, small for GA, receipt of antenatal steroids, mode of birth and transport risk index of physiologic stability score. SPSS version 15 (SPSS Inc; IL, US) was used for data analysis.
Results
During the study period, 3479 patients were admitted to our neonatal intensive care unit, of which 1051 patients were <32 weeks GA at birth. Sixty-six infants (6.3% of infants <32 weeks GA) who received chest compression with or without administration of epinephrine and 156 matched controls were identified. Among cases, all 66 infants received chest compressions and 29 of these infants received epinephrine. The median (interquartile range) duration for chest compressions was 60 s (30 to 180 s) and the median (interquartile range) number of epinephrine doses was 1 (1 to 3 doses). Among the baseline characteristics (Table 1) , the only significant differences between the cases and matched cohort were the Apgar, clinical risk index for babies and transport risk index of physiologic stability scores and the initial umbilical pH and PCO 2 , which all favored the controls. Neonatal outcomes are reported in Table 2 . There was a significantly increased risk of mortality among infants who received extensive CPR (unadjusted OR 3.8, 95% confidence interval (CI) 1.9, 7.9). Other neonatal outcomes were not statistically significantly different between the two groups. Logistic regression analyses controlling for GA, sex, mode of birth, complete course of antenatal steroids and transport risk index of physiologic stability score at birth revealed GA (adjusted OR 1.72 for each week, 95% CI 1.41, 2.10) and extensive CPR at birth (adjusted OR 2.23, 95% CI 1.04, 4.77) to be significantly associated with the primary outcome. A comparison between a subset of patients who received chest compressions alone with the group who received chest compressions and epinephrine in univariate analysis revealed no significant difference (57 vs 59%, P ¼ 0.88) for the primary outcome. The primary outcome (excluding mortality) rate among survivors was not different between the groups (38% in the cases and 30% in the matched cohort, P ¼ 0.36).
Discussion
In this matched cohort study, infants born preterm who met criteria for extensive CPR at birth experienced higher risk of a combined adverse outcome, including death or severe neurological injury, severe retinopathy of prematurity or bronchopulmonary dysplasia.
Earlier studies on this subject have yielded varied results. Jankov et al. 5 and Finer et al. 8 reported no difference in the risk of mortality or neurological injury, whereas Lantos et al., 7 Finer et al., 3 Sims et al. 15 and Davis 16 reported a higher risk of mortality and neurological morbidity after CPR at birth. All studies of CPR are retrospective and include the remaining admissions in their units as comparator. This has at times created an imbalance between groups in terms of GA, birth weight or the time period for cases and controls. To counter these imbalances, we elected to match each case with two or three controls of similar GA, sex and admission period. This resulted in a proper comparative cohort.
Cumulative experience from centers worldwide reported by Finer et al.
3 is valuable; however, marked differences between centers in their practice of offering or non-offering resuscitation at different 
Abbreviations: CRIB, clinical risk index for babies; IQR, interquartile range; PROM, prolonged rupture of membranes; TRIPS, transport risk index of physiologic stability. 6 refuted the idea of poor survival and higher incidences of neurological injury despite a worsening trend. Deulofeut et al. 4 reported lower developmental indices among survivors after delivery room CPR. In contrast to other reports, in this study, we reported on other neonatal outcomes, such as NEC, PDA and resource usage. We did not observe any difference in any of these ancillary neonatal outcomes; however, this could be due to the small sample size and the higher mortality among cases.
Among the infants who received extensive resuscitation, it has been argued that infants who require epinephrine in addition to chest compression are the infants who are born 'in-extremis' and would have higher incidences of adverse outcomes compared with those who need only a brief period of chest compression. Our univariate comparison failed to support this hypothesis; however, we must caution that our sample size was very small for this comparison.
We used a primary outcome of a combination of mortality and severe morbidities. This is an important point to consider, as these morbidities individually and in combination are associated with adverse neurodevelopmental outcome. 17 The use of mortality along with these outcomes can be questioned as to their relative importance. Individually, mortality was higher in the group who received extensive CPR, but the time of death for most of these infants was not restricted to the early neonatal period.
Limitations of our study include a lack of long-term follow-up data on these infants. We can only speculate that survivors with morbidities included in adverse outcomes are at higher risk of adverse neurodevelopmental outcomes. Only a handful of studies of long-term follow-up exist; and most of these studies have high rates of attrition. 4, 5, 8, 16, 18 Davis evaluated six of seven survivors and reported that four babies were normal and two had mild delay at 1 year of age. 16 Jankov et al. 5 reported adverse neurodevelopmental outcome in one out of nine survivors who received CPR. Jefferies and Kelly 18 reported normal neurodevelopmental outcome in 10/14 survivors who received CPR. Deulofeut et al. 4 evaluated 18/32 survivors of extensive CPR and reported significant cognitive delay in nine infants, which was higher compared with infants who did not receive extensive CPR (P ¼ 0.045). Another limitation of our study could be variability in the resuscitation. Despite having adequate knowledge regarding Neonatal Resuscitation Program, it is likely that personal practices may differ in different and even the same situation when challenged again. In our case, we expect that the primary responsible person had carried out all steps in orderly fashion and the presence of other qualified personnel (nurses, nurse practitioners, fellows and staff neonatologists) provided feedback or correction if needed. Thus, as far as possible, we are confident that the steps undertaken at resuscitation were in accordance with the standard of current practice.
Based on our findings, we even suggest that the 'need/receipt of aggressive CPR' indicator be included in the predictive scoring systems for neonatal outcomes. On the other hand, notions that among ELBW infants the need for aggressive CPR leads to universally adverse outcomes is also not true.
In conclusion, the need for aggressive CPR at birth for preterm infants <32w GA was associated with a higher risk of the composite adverse outcome of death or severe neurological injury, or severe ROP or BPD. Further research on long-term outcomes is needed.
